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(54) Data reader and reader system having visible centerless targeting 



(57) A data reader has a digital image detector an 
optical system imaging on the digital image detector, 
and a marker beam source that emits a diverging, cen- 
terless visible light projection. A data reading system 
includes the data reader and media bearing: a visible 
primary image and a secondary image overlying the vis- 



ible image. The secondary image is transparent to visi- 
ble radiation and modulates a band of invisible 
electromagnetic radiation. The media also bears visible 
indk:ta aligned with the secondary image. 
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Description 

RELD OF THE INVENTION 

[0001 ] The invention relates to photography and sys- 
tems for reading andllary data from printed photo- 
graphic media and more particularly relates to a 
photograph data reader system having visible, center- 
less targeting. 

BACKGROUND OF THE INVENTION 

[0002] EP Patent Application No. 98202964.7 dis- 
closes the use of a printed invisible encodement on a 
photographic image to record sound information. The 
encodement is read by Illuminating using a beam of 
invisible electromagnetic radiation that is subject to 
modulation by the encodement. The resulting encode- 
ment image is captured, decoded, and played back The 
photographic image on which the encodement is printed 
is originally captured using a camera. The invisible radi- 
ation image is captured using a data reader that is capa- 
ble of capturing only invisible images within a selected 
band. (The term "band" is used herein to refer to one or 
more contiguoiK or norvcontiguous regions of the elec- 
tromagnetic spectrum. The term "invisible" is used 
herein to describe material which is invisible or substan- 
tially irrvisible to the human eye when viewed under nor- 
mal viewing conditions, that is, facing the viewer and 
under sunlight or norrr^l room illumination such as 
irx^andescent lighting.) The invisible image is produced 
by development of a photographic emulsion layer, inlqet 
printing, thermal dye transfer printing or other printing 
method. The encodement is a two-dimensional array of 
encoded data. 

[0003] Machine readable optical data codes are 
widely used. Optical data codes are in the form of one- 
dimensional codes, commonly referred to as Tjar 
codes", arrd two-dimensional codes, sometimes 
referred to as "two-dimensional bar codes". Simple, 
manually scanned readers, such as that disclosed in 
U.S. Patent No. 4,603,262, can be provided for one- 
dimensional codes. More conrplex readers are needed 
for two-dimensional codes. These readers are held over 
the code, while the reader internally scans the code or 
captures an instantaneous two-dimensional image. 
[0004] Some optical code readers illuminate visible 
bar codes with a beam of invisible or "nearly invisible" 
radiation. It is well known with such readers to use a 
light projection to help in targeting optical codes. U.S. 
Patent No. 4. 603.262 and U.S. Patent No. 4.652.750 
teach tine use of a projection to provide a spot during 
manual scanning witii an invisible beam. U.S. Patent 
No. 5.668.364 teaches a simitar marker projection that 
is used, witii a two-pxisition switch, for targeting prior to 
scanning. U.S. Patent No. 5,598.007; U.S. Patent No. 
5.627.360: and U.S. Patent No. 5,550.364 teach read- 
ers which utilize a projection having one or more pair of 



converging beams. The readers are rrK>ved toward or 
away from an optical code until, at an appropriate focus- 
ing distance, each pair of beams converges into a single 
spot. The multiple pairs of beams can be used in align- 

5 ing the readers and optical codes. U.S. Patent No. 
5,289.220 teaches tiie use of similar close focusing 
beams in a camera. Reader alignment using a two- 
dimensional spot pattern, such as a bar or line, or pair 
or spots, or scanned spot; are also taught by: U.S. Pat- 

ro ent No. 4,820,91 1 ; U.S. Patent No. 5,468,949; U.S. Pat- 
ent No. 5,212,371; U.S. Patent No. 5,486,944. U.S. 
Patent No. 5.378,883 teaches an off-center spot tiiat is 
brought nearer the cent^. The "User's Guide" for the 
WelchAllyn™ Imageteam^ 4400 2D hand-held image 

15 reader, marketed by Welch Allyn, Inc.. of Skaneateles 
Falls. New YorK teaches tiie use of a reader having tar- 
geting spots in the form of a cross that is centered on 
the optical code. Four additional spots, in the form of 
inwardly facing chevrons, define outer limits of the 

20 detection area. The targeting spots are produced by use 
of a laser diode and diffractive optical element and are 
extinguished during capture of a code. 
[0005] In the above references, the marker projection 
or beams are targeted at and impinge on the subject 

25 niatter of interest, a visible l>ar code or other code. The 
illumination of the code by the marker projection makes 
it easy to see the code in dim conditions, but makes it 
difficult to cleariy view the details and coloration of the 
code, since the illumination is uneven and generally 

30 monochromatic. This is inconsequential, however, since 
tiie code only needs to be targeted by the user, not 
viewed. 

[0006] Laser pointers are available which use a laser 
diode and diffractive optical element to project a wide 
35 variety of patterns. Diffracted patterns sometimes 
present a rectangular outiine or other array of shaped 
features surrounding a residual undiffracted spot from 
tiie zero order beam. 

[0007] It would be desirable to provide a data reader 
40 and system for reading an invisible image under lighting 
conditions suitable for viewing an underlying visible 
image, in which a diffracted, centeriess aiming projec- 
tion is free from a zero order beam or beams. 



[0008] The invention is defined by the claims. The 
invention, in its broader aspects, provides a data reader 
that has a digital image detector, an optical system 

50 inr^ging on the digital image detector, and a marker 
beam source that emits a diverging, centeriess visible 
light projection and a data reading system that includes 
the data reader and media bearing: a visible primary 
image and a secorxiary image overlying the visible 

55 image. The secondary image is transparent to visible 
radiation and modulates a t^nd of invisible electromag- 
netic radiation. The media also bears visible indicia 
aligned with the secondary in^ge. 
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[0009] ft is an advantageous effect of at least some of 
the embodiments of the invention that a data reader and 
system are provided for reading an invisible image 
under lighting conditions suitable for viewing an under- 
lying visilDle image, in which a diffracted, centerless aim- 5 
ing projection is free from a zero order beam or beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The atxjve-mentioned and other features and 10 
objects of this invention and the manner of attaining 
them will become more apparent and the invention itself 
will be better understood by reference to the following 
description of an embodiment of the invention taken in 
conjunction with the acconnpanying figures wherein: is 

Figure 1 is a semi-diagrammatical view of an 
embodiment of the system. 
Rgure 2 is a semi-diagrammatical view of a data 
reader, which is suitable for use in a system like that 20 
of Figure 1 . 

Rgure 3 is a semi-diagrammatical view of another 
entxxiiment of the system. 
Rgure 4 is a serru-diagrammatical view of another 
data reader, which is suitable for use in a system 2s 
like that of Figure 3. 

Figure 5 is a semi -diagrammatical view of one more 
data reader, which is suitable for use in a systm 
like that of Figure 1 . 

Figure 6 is a semi-diagrammatical view of still 30 
another data reader, which is suitable for use in a 
system like that of Figure 3. 
Rgure 7 is a semi-diagrammatical view of yet 
another data reader, which is suitable for use in a 
system like that of Figure 3. 3S 
Figures 8-10 are semi-diagrammatical views of 
photographic prints suitable for use in the systems, 
in three different formats, each print bearing an 
invisible image and a fiducial. 

Figure 1 1 is a semi-diagrammatical view of a photo- 40 
graphic print suitable for use in the systems, show- 
ing a marker beam projection interior to a fiducial. 
Rgure 1 2 is the same view as Rgure 11 . txjt shows 
the projection aligned with the fiducial. 
Rgure 1 3 is the sarhe view as Rgure 1 1 , but shows 45 
the projection exterior to the fiducial. 
Rgures 1 4a-1 4f are diagrammatical views of visiljle 
fidudals suitable for use in the systems. The posi- 
tions of the invisible image are indicated by rectan- 
gles, so 
Figure 15 is a diagrammatical view of a pattern 
maker suitable for use in the system of Rgure 3. 
The direction of propagation of the zero order beam 
prior to being obscured is indicated by the arrow. 

55 

DETAILED DESCRIPTlpN OF THE INVENTION 
[001 1 ] Referring initially to Figures 1 -7, tiie data read- 



ers 10 each have a digital image detector 12 sensitive to 
a band of invisitjie electromagnetic radiation, an optical 
system 14 (illustrated in the drawings by a lens shape) 
imaging on ttie detector 12. and a marker projection 
source 16 that faces in generally the same direction as 
tiie optical system 14. The data readers 10 are prefera- 
bly used in systems 18 having media 20 bearing a visi- 
t>le primary image 22 (illustrated in tiie figures as a 
group of trees), and a secondary image 24 (symbolized 
in the figures by a dashed box and the word "data") 
overlying ttie primary image 22. The secondary image 
24 is invisible, that is. transparent to visible radiation; but 
modulates the band of invisible electromagnetic radia- 
tion to which the detector 12 is sensitive. A visible fidu- 
cial 26 is aligned witti, but offset from the secondary 
image 24. The invention is discussed herein generally in 
terms of a portable data reader 10; but it will be under- 
stood that ttie data reader 10 need not be portable and 
can be in the form of a digital camera such as disclosed 
in U.S. Patent Application Serial No, 09/097.975. filed 
June 16, 1998. which is hereby incorporated herein by 
reference. Figures 1-7 illustrate data readers 10 used to 
read data invisibly imprinted on a photograph print or 
otiier hard copy media. 

[001 2] The prinfiary and secondary images 22.24 are 
referred to generally herein as being Vistole" and "invis- 
ible", respectively The primary image 22 can reflect or 
emit a small percentage of invtsitsle radiettion (also 
referred to herein as an "invisitjie component"). Simi- 
larly, tiie secondary image 24 is preferably fully invisible 
under ordinary viewing conditions, but can reflect or 
emit a small percentage of visil>le radiation (also 
referred to herein as a Visible component"). An invisible 
component of the primary image 22 is inconsequential 
unless the component is in the same radiation band as 
tiie radiation returning from the secondary image 24. In 
tfiat case, the invisible component can act as t>ack- 
ground noise and reduce the signal to noise ratio of the 
secondary image 24. The amplitude of the invisible 
component should be insufficient to measurably 
degrade a digital image produced from the secondary 
image 24 when the secondary image 24 is read. Any 
visible component of the secondary image 24 should, 
preferably, t>e imperceptible to the viewer under ordi- 
nary viewing conditions; but slight degradation of the 
image may be acceptat^le under some conditions. 
[0013] The visible primary image 22 is printed infor- 
mation tiiat is viewable by the user, in the form of picto- 
rial information, text or other alphanumeric information, 
or non-alphanumeric indida. The nature, content, and 
manner of preparation of the printed image is not criti- 
cal. In currentiy preferred embodiments, the primary 
image 22 is the visible in^ge on a developed photo- 
graphic reflection print The data readers 1 0 can also be 
used with media 20 that is imageless. that is, limited to 
an underlying substi-ate without information content. 
[001 4] The secondary image 24 is formed by radiation 
in a band outside the visible spectrum, as a result of 
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reflection, transmission, or luminance from an Invisible 
layer that overlies the visible primary image 22. The fre- 
quency range or ranges of the Invisible radiation modu- 
lated by the secondary image 24 is dependent upon the 
characteristics of the material used for the secondary 5 
image 24. Depending upon the material, infrared radia- 
tion or ultraviolet radiation or botii can be used. Infrared 
radiation and Infrared luminescent secondary images 
24 are currently preferred. 

[001 5] The invisible secondary image 24 can be a pic- 10 
torial image or indicia, but is preferably in the form of a 
data encodement. The data In the secondary image 24 
can include subject specific information, such as sound 
recorded when the picture was taken, for playback at 
the time of viewing the photographic print or other use. is 
The form of the encoded data is not critical to the inven- 
tion. For example, the secondary image 24 can be in 
accordance with Standard PDF 417 and the LS49042D 
Scanner System marketed by Symt>ol Technologies, 
Inc.. of Holtsville. New York; or the encodement scheme 20 
marketed as Paper Disk by Cobblestone Software. Inc.. 
of Lexington. Massachusetts. For convenience, the sec- 
ondary image 24 is sometimes referred to herein as the 
"encodemerrt" and the capture of the invisible second- 
ary Image 24 is sometimes referred to herein by the 25 
term, ''reading*' and like terms. 

[GDI 6] Referring particularly to Rgures 8- 1 3, the fidu- 
cial 26 is a visible indicia that designates a domain 28 
on the media 20 that includes the secondary Image 24. 
It is Nghly preferred tiiat the fiducial 26 be exterior to the 30 
secondary image 24 and that the domain 28 include a 
border 30 surrounding the secondary image 24. It is 
also highly preferred that tiie fiducial 26 have two or 
more opposed indicators 32 defining vertices of the 
domain 28. For a rectangular domain 28, the indicators 3S 
32 preferably mark at least one pair of diagonally 
opposed corners 34. The indicators 32 can have a vari- 
ety of shapes. The indicators 32 can be points or dots, 
as shown in Figure 14e. but a two dimensional shape is 
preferred for ease of use. Rgure 14c illustrates indica- 40 
tors 32 shaped like a pair of inwardly pointed arrows. 
Figure 14f illustrates indicators 32 shaped like circles. It 
is further prefenred that the indicators 32 have a shape 
that include one or more lines, since lines make angular 
misalignment more obvious. Figure 14a illustrates indi- 45 
cators 32 shaped like a pair of opposed, outwardly 
pointed chevrons. Figure 14b adds a second pair of 
chevrons and connects the dievrons to provide a con- 
tinuous rectangular outline. Figure 14d has indicators 
32 shaped like opposed, outwardly facing triangles. so 
[0017] The secondary image 24 is preferably inset 
from the edges of tiie media 20, such that the border 30 
of the domain 28 surrounding the secondary image 24 
is wide enough to prevent losses of parts of secondary 
images 24 due to printing irregularities. In this case, ss 
where the primary image 22 extends to the edges of the 
media 20. as in a borderless photographic print, the 
secondary image 24 is also inset from the edges of the 



primary image 22. If the fiducial 26 overlies the primary 
image 22. it is desirable that tiie fiducial 26 be at the 
edges of the primary Image 22; even if this causes the 
secondary image 24 to not be centered over the primary 
image 22. For example, as shown in Figures 8-10. for 
photographic prints available originally or as reprints in 
multiple formats, such as the C. H. and P formats pro- 
duced In the Advanced Photo System™: it is desirable 
that the same secondary image 24 fit each format print 
20a. 20b, 20c. As shown in Rgures 8-10, tiie secondary 
images 24 are the same size on each print 20a, 20b, 
20c and are all aligned so as to place the irxiicators 32 
on left and bottom edges of the prints 20a, 20b, 20c. 
The print 20c shown in Figure 10 is large enough to per- 
mit the placement of an additional invisible encodement 
24a over the primary image 22. This additional encode- 
ment 24a can contain Information supplementing the 
information in the secondary image 24. 
[001 8] The digital Image detector 1 2 comprises one or 
more radiation-sensitive electrical devices which con- 
vert an impinging radiation beam, that is, tiie radiation 
image of a secondary image 24 into a digital image. The 
term Tjeam", used herein, is inclusive of direction of 
travel, amplitude, and phase. The digital image is a sig- 
nal that contains the image inforn^tion of tiie original 
radiation image, within limits of system resolution, 
noise, and tiie like; and a two dimensional image can be 
reconstructed from the digital image as a hard copy or 
display in various manners well known to those of skill in 
tiie art. 

[001 9] The digital image detector 1 2 is sensitive to tiie 
modulated, invisible radiation image received from tiie 
secondary image 24. The wavelength band of this radi- 
ation is a function of the material used for the invisible 
secondary image. The secondary image can absorb the 
invisible radiation or can reflect and/or emit the invisible 
radiation. Depending upon the material, infrared radia- 
tion or ultraviolet radiation or both can be used. A barxi 
of infrared radiation is most convenient Detectors 12 
can be used that are sensitive to a broad t>and of radia- 
tion including all or most of the visible spectrum and a 
selected t^nd of invisible radiation. This allows use witii 
txxth visible and invisible bar codes. Filtering can be pro- 
vided to limit sensitivity to a selected band, as desired. 
It Is cunentiy preferred to use light-sensitive electrical 
devices that are sensitive to a broad t^and of radiation 
including visible light and infrared radiation and to opti- 
cally filter out the visible radiation. For example, widely 
available charge coupled devices (CCD's) are sensitive 
to visible radiation and a broad band of infrared radia- 
tion. The light-sensitive electrical device can also be a 
charge injection device, a photodiode, a CMOS imager, 
or anotiier type of photoelectric ti-ansducer. 
[0020] The digital image detector 12 can include one 
or more two-dimensional light-sensitive electrical 
devices, or one or more two dimensional arrays of such 
devices, or one or more one-dimensional arrays of such 
devices. With one-dimensional arrays, tiie detector 12 
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includes means, well known to those of skill In the art. 
for scanning the incident beam to provide a two-dimen- 
sional digital image. Two-dimensional devices are pre- 
ferred over one dimensional devices and the use of 
single discrete devices is currently preferred over the 
use of arrays of smaller devices for reasons of image 
quality and ease of assembly. An example of a suitable 
digital image detector 12 comprises a single CCD, such 
as a charge coupled device marketed by Eastman 
Kodak Company of Rochester, New York as Model No. 
KAF-6300 used with an infrared bandpass filter. Model 
No. 54020. marketed by Oriel Corporation of Stratford. 
Connecticut. Lower resolution digital image detectors 
can also be used, such as a VGA (video graphics array) 
sensor having a resolution of 640 by 480 pixels. 
[0021] The optical system 14 images on the detector 
1 2, and with the detector 1 2, subtends a detector field of 
view (indicated by dashed lines 36 in Rgures 1-7) cen- 
tered on the optical axis 38 of the optical system 1 4. The 
size of the detector field of view varies with the distance 
of the object plane from the optical system 14. The 
nature of the optica! system 1 4 is not critical. The optical 
system 14 can have a fixed or variable focal length. With 
a fixed foceil length, the image plane is preset at tiie dig- 
ital image detector 12, and tine optical system 14 
defines an optimum object distance, tiiat is. an optimum 
image plane, at a preset distance from the optical sys- 
tem 1 4. It is preferred tiiat the optical system 1 4 be suit- 
able for use at 0 to 48 inches from a secondary image 
24 at the object plane to the image plane formed by the 
optical system 1 4 at the detector 1 2, and tiiat the optical 
system 14 have an optimum or sharpest object distance 
in that range. For reasons of cost, it is currently pre- 
ferred tiiat the optical system 14 be fixed focus, that is. 
the optical system 14 has a preset focal lengtii with an 
optimum object distance of from 8-12 inches. The field 
of view can have a variety of shapes; but. for conven- 
ience, a field of view that is rectangular in outiine is pre- 
ferred. With a rectangular field of view, the optical 
system 1 4 and detector 1 2 subtend a horizontal angle of 
view along one dimension of the rectangle and a vertical 
angle of view along another A maximum angle of view 
extends diagonally from corner to corner of the rectan- 
gle. 

[0022] Illumination (symbolized in Figures 1. 3. and 7 
by a wave shaped an-ow 39) of the secondary image 24 
can be provided to tiie data reader 10 by natural lighting 
or extraneous illumination, txit it is preferred that the 
data reader 10 include an illuminator 40 for the second- 
ary image 24. Figure 7 Illustrates a data reader 10 that 
includes an illuminator 40. The illuminator 40 can have 
a narrow bandwidtti. selected to match the characteris- 
tics of the material used to print tiie secondary image 
24. For example, an illuminator 40 can provide irradia- 
tion in a first infrared band to induce luminescence of 
the secoTKlary image 24 in a second, lower frequency 
infrared band. A wide spectrum illuminator such as a 
flashlamp, can be used instead. Suitable illumination 



sources, power supplies and related features are well 
known to those of skill in the art. An example of a suita- 
ble illuminator 40 is a commonly available infrared emit- 
ter v«th a peak wavelength at 880 nm, such as Part No. 
5 MTE2050-OH1 marketed by MarkTech Optoelecfronics 
of Latham. New York. 

[0023] The niarker projection source 1 6 emits a visible 
light projection 42 (illustrated by dashed lines in Figures 
1 -7) tiiat can be aligned with the f iducial 26. The marker 

10 projection source 1 6 includes one or wore emitters 44 
tiiat project a bright light that is readily seen even in tiie 
presence of ordinary room lighting. Any bright light 
source can be used as an emitter 44, but it is currentiy 
preferred that the emitter 44 be a coherent emitter, such 

IS as a laser diode, since current emitters produce brigtit, 
narrow beams with modest power consumption. 
[0024] When the fiducial 26 and marker projection 42 
are aligned, the fiducial 26 is brightly lit; but tiiere is no 
otiier bright spot in the f ieW of view of the optical system 

20 1 4. since the zero order beam of tiie marker projection 
42 does not form a bright spot in the f ieW of view. This 
permits viewing of the visible image 22, while the data 
reader 10 is aligned, without the distraction of a txight 
spot of light at or near the center of the visi3le image 22. 

25 The absence of a central bright spot also offsets any 
tendency on the part of the user to aim the data reader 
at tiie center of the visible image 22. As Figures 8-10 
show, witti some media the secondary image 24 will not 
be aligned when the center of the primairy image 22 is 

30 targeted. This is inrportant. because the user may be 
experienced in targeting ordinary bar code readers by 
pointing a central spot at the center of the tar code or in 
the use of otiier similar targeting systems. 
[0025] The projection 42 preferably has two or more 

35 sut>prqections or marker t>eams 46, whic^ correspond 
to the indicators 32 of tiie fiducial 26 and collate with 
respective indicators 32 when the projection 42 and 
fiducial 26 are aligned. The marker beams 46 geometri- 
cally match respective indicators 32, that is. respective 

40 indicators 32 and maricer beams 46 both have tiie same 
shape, or are related in a geometi-ic manner that sug- 
gests a particular relative orientation or alignment, such 
as complementary shapes. For example, both the fidu- 
cial 26 and the projection 42 could have one of the con- 

45 figurations shown in Figures 14a-14f. Alternatively, tiie 
fiducial 26 could have one of the configurations shown 
in Rgures 14a-14f and tiie projection 42 coukJ have 
another. 

[0026] The marker projection source 16 can include a 
50 pattern maker 48 on one or more emitters 44. The pat- 
tern maker or makers 48 split tiie beam from a respec- 
tive emitter 44 into multiple compK)nent beams or nr^sk 
part of tiie beam or both split and mask the beam or 
beams to produce a desired configuration. The nr^arker 
55 projection source 16 can thus project a single marker 
beam 46 from each emitter 44. or by use of a pattern 
maker 48 that includes a beam splitter, can project a 
plurality of marker beams 46 from each emitter 44. For 
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reasons of cost and convenience, a diffractive optic ele- 
ment is prefen-ed for the pattern maker 48. A variety of 
different diffractive optical elements are widely available 
that can be used for this purpose. The diffractive optical 
elements can be transmissive or reflective devices. The 
transmissive devices can be surface type, with diffrac- 
tive features only on the surface of a substrate: or vol- 
ume type, with diffractive features throughout the 
volume of a substrate. Diffraction can be accomplished 
by the use of opaque edges (amplitude modulation) or 
phase discontinutties (phase modulation). Phase dis- 
continuities have a higher theoretical efficiency. For rea- 
sons of economy, the currently preferred diffractive 
optical devices are transmissive, phase modulation, 
surface type. 

[0027] The diffractive optical elements can be used, 
with or without additional light blocking mennbers, to pro- 
duce zero and higher order beams in a predetermined 
pattern or to produce zero order beams and recon- 
structed beams combining beams of different orders 
and signs. The zero order beam is the urdiffracted com- 
ponent of the originally incident wavefront of the coher- 
ent light source. The higher orders beams; first order, 
second order, and so on; are products of diffraction and 
decrease in intensity with numerical increase in order 
number. The following discussion generally refers to 
only zero and "higher" order beams. For convenience, 
the term "zero order beam" is used herein to refer to 
both undiffracted components of beams and beams 
which have not been subject to diffraction. Higher order 
beams are generally treated as single beams, rather 
than beam pairs. It will be understood that individual 
beams can be blocked, redirected, and/or combined to 
produce the indicated results and that reconstructed 
beams can be substituted for other higher order beams, 
by selection of an appropriate diffractive element. 
[0028] The projection 42 is emitted in close proximity 
to the optical system 14. preferably within about one or 
two centimeters or less, and is preferably concentric or 
substantially concentric witii the optical axis 38. A larger 
separation could be provided, but would cause an unde- 
sirable increase in the overall size of the data reader 1 0. 
The marker beam or beams 46 of the marker projection 
42 propagate in a direction or directions that diverge 
from the optical axis 38 of the optical system 14. The 
marker beams 46 preferably diverge from tiie optical 
axis 38 so as to subtend a maximum marker projection 
ftngle of view greater than the maximum detector 12 
angle of view. The marker beams 46 are thus non-coin- 
cident with the field of view. Each marker beam 46 
diverges from the optical axis 38 at an angle greater 
than one-half of the maximum detector angle of view, 
toward the exterior margin of the field of view. 
[0029] The marker projection 42 is positioned so as to 
be centered on the fiducial 26 at the optimum object dis- 
tance. This permits use of encodements that are so 
high in capacity that the image size of the encodement 
on the detector 12 must always maximized, since the 



user can readily bring the data reader 10 to the appro- 
priate spacing by aligning the marker projection 42 and 
fiducial 26. The data reader 10 is moved toward or away 
from the media 20 (or tiie media 20 is moved) until the 

5 marker projection 42 is centered on the fiducial 26. as 
shown in Figure 12. When tiie data reader 10 is too 
dose, tiie marker projection 42 is interior to tiie ftduciat 
26, as shown in Figure 11. When the data reader 10 is 
too distant tiie marker projection 42 is exterior to tiie 

/o fiducial 26, as shown in Figure 13. As is apparent from 
Rgures 1 1-13, it is highly desirable for tiiis purpose that 
the projection 42 has a pair of opposed marker beams 
46 and tiiat the fiducial 26 has a corresponding pair of 
opposed indicators 32. 

15 [0030] The data reader 10 can be used witii media 
(not separately illustrated) bearing the primary and sec- 
ondary images 22. 24, but lacking tiie fiducial 26. In tiiis 
case, the projection 42 is aligned with edges of the 
media or primary image 22. This approach has the 

20 shortcoming that the detector 12 will not have tiie sec- 
ondary images 24 centered unless the secondary 
images 24 are also centered on the media or prinwry 
images 22. The detector 12 will also not have tiie sec- 
ondary images 24 maximized unless the border 30 

25 around tiie secondary images 24 is narrow. 

[0031] Referring now to tiie data readers 10a and 10b 
of Figures 2 and 4, tiie projection 42 emitted by the 
marker projection source 16 includes one or more zero 
order beams. In Figures 2, the projection 42 includes 

30 two marker beams 46. Each marker beam 46 is or 
includes a zero order beam. The marker projection 
source 16 of the data reader 10a has two emitters 44. 
Each emitter 44 is mounted in the data reader 1 0a so as 
to angle outward relative to the optical cUis 38. Zero 

35 order beams produced by the emitters 44 propagate in 
a direction or directions that diverge outward from the 
optical axis 38. The zero order beam or beams do not 
intersect tiie field of view of the detector and thus do not 
cause a bright spot in the fiekj of view. The angle of 

40 divergence of the zero order beams is, preferably, such 
that the data reader 10 is at the optimum distance from 
the media 20, when the projection 42 and fiducial 26 are 
aligned. The projection 42 may also include one or more 
higher order beams, which preferably also all diverge 

45 outward from tiie optical axis 38 and are peripheral to. 
tiiat is. do not intersect, the field of view. 
[0032] In the data reader 10b of Rgure 4, a single 
emitter is used in combination with a pattern maker 48 
tiiat splits the original beam into a zero order beam and 

so a higher order beam. The emitter 44 is positioned in the 
data reader 10b such that the higher order beam 
diverges from the optical axis 38 opposite tiie zero order 
beam. It is convenient if the emitter 44 is positioned 
such that both zero order and higher order beams 

55 diverge from the optical axis 38 at opposed, equal 
angles. The two resulting marker beanns 46 (the propa- 
gating zero order beam and higher order beam) are 
each, preferakjiy. aligned with the fiducial 26 when tiie 
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data reader 10 is at the optimum distance from the 
media 20. 

[0033] Data readers 10a. 10b of Figures 2 and 4 are 
efficient an6 suitable for use in relatively bright ambient 
lighting conditions, because the zero order beams are s 
used in the projection 42. Each emitter 44 is accurately 
set in a skewed position relative to the detector 12 or 
suitable optical components are included to provide this 
effect. If a diffractive optical beam splitter (discussed in 
detail below) is used to produce a zero order beam and io 
higher order beam, then the marker beams 46 will differ 
in intensity. This effect can be mitigated by attenuating 
the higher order beam. 

[0034] Referring now to the data readers 1 0c and 1 0d 
of Figures 5-7, the projection 42 emitted by the marker is 
projection source 16 excludes any marker beam or 
beanre produced by zero order beams. The marker pro- 
jection source 16 includes one or more light emitters 44 
and pattem makers 48. Referring now to Rgure 15, 
each pattern maker 48 has a diffractive optical beam 20 
splitter 50 and a mask 52. The beam splitter receives 
light (illustrated as a sequence of parallel lines 51) from 
a respective light emitter 44 (not shown in Rgure 15). 
splits the light, and transmits a zero order beam 53 and 
a pair of higher order beams 55 to the mask 52. The ss 
mask 52 has a shield 54 is positioned in line with the 
direction (indicated in Figure 15 by arrow 60) of propa- 
gation of the zero order beam and obstructs ttiat beam. 
The zero order beam is fully blocked or is diffused to 
broadly illuminate domain 28. The latter is not prefen-ed; 30 
however, because the illumination produced by the zero 
order beam tends to wash out the natural colors of the 
visible image. The mask has a window 56 that passes 
the higher order beam. Materials, optical preppies, 
and other features of the mask 52 can be selected to 35 
provide the desired function. 

[0035] It is highly preferred that the shieW 54 is sepa- 
rated from the beam splitter 50 by a distance sufficient 
to allow the zero order and higher order beams to fully 
separate. For efficiency, a conplete separation is pre- 40 
ferred. In Rgure 15. the pattern maker 48 is a integral 
plate having the beam splitter 50 in the form of a grating 
ruled on an inner surface and a transparent spacer 58 
separating the beam splitter 50 and shield 54. The win- 
dow 56 is part of the outer surface of the spacer 58. The 4S 
shieW 54 is an opaque layer superimposed on another 
part of the outer surface. The shield 54 can be an over- 
lay, as shown, or can be a surface effect, such as an 
opaque or diffusive region of a continuous layer (not 
shown), or can be an effect that is provided throughout so 
a volume. 

[0036] In the data readers 10c, lOd of Figures 5-7. 
zero order beams are blocked and higher order beanrts 
diverge outward from the optical axis 38 and. thus, do 
not intersect the field of view and cause a bright spot in ss 
the field of view. The beams are aligned with the fiducial 
26 when the data reader 10 is at the optimum distance 
from the media 20. In Figures 6-7. the marker projection 



source 16 has one light emitter 44 and two higher order 
beams are emitted. In Figure 5. the marker beam 
source has two emitters 44 and a total of two higher 
order beams. 

[0037] The data readers 10a, 10b of Rgures 2 and 4, 
and the data readers 10c. lOd of Rgures 5-7 have dif- 
ferent strengths and shortcomings. 
[0038] The data readers 10c, lOd of Rgures 5-7 are 
less efficient than the data readers 10a. 10b of Figures 
2 and 4. but the emitters are simple to position during 
manufacture, since the emitters are simply aligned with 
the optical axis 38. tf desired, optimum object distarx;e 
can be changed by simply changing the diffractive opti- 
cal element The marker beams produced can both be 
the same order or can be otherwise selected to have the 
same intensity without attenuation. 
[0039] Refemng now to Figures 1 -7, the data readers 
10 each have a kxxly 62 that supports the other compo- 
nents 12, 14. 16. 40. If the data reader 10 is designed 
for portable use, the body 62 can include a handle 64 to 
be gripped by the user. The data reader 10 can continu- 
ously be in €in operative state; txjt, for extended battery 
life in a portable unit, preferably includes a control inter- 
face 65 (shown in Rgures 2 and 7) that is momentarily 
or continuously actuated to render the data reader 10 
operative. The control interface 65 can be a simple trig- 
ger or something more complex such as a voice activa- 
tion unit, or the like. The trigger or other control interface 
65 can have three states or positions: an unpowered 
state, a first powered state for energizing only the 
marker projection source 16. and a secorxJ powered 
state for energizing an illuminator 40 and the detector 
12. This approach reduces the electrical load by mini- 
mizing use of the illuminator 40. 
[0040] The body 62 also supports a controller 66 and, 
in portable units, a power supply 68 internal to the txxly. 
Lines 67 for communication and power are shown in 
Rgures 1 and 3-7 connecting the controller 66. power 
supply 68 and other conponents. The corrtroller 66 
receives a signal from the detector 12 responsive to the 
detected image and also controls operation of the 
detector 12, marker projection source 16, and an 
included illuminator 40 responsive to the control inter- 
face. The controller 66 can use discrete components or 
be based on a mrcroprocessor, as is well known to 
those of skill in the art. 

[0041] For data reading, the user orients the data 
reader 10 toward the target media 20 and actuates the 
marker projection source 16 to generate a centeriess. 
visit)le light projection 42. This is done under ordinary 
lighting conditions of daylight or ordinary artrfidai illumi- 
nation or some combination of the two, which allow the 
user to view the visible image on the media 20 at the 
same time. The user next aligns the projection 42 and 
the visible fiducial 26 on the media 20 and maintains 
that alignment during reading of the secondary image 
24 overiying the primary image 22. The user actuates a 
detector 12 and. preferably, also actuates an illuminator 
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40 causing the creation of a radiation image of the sec- 
ondary image 24. TTie secondary radiation image is 
captured by the detector 1 2. Since alignment of the fidu- 
cial 26 and projection 42 is maintained, the zero order 
beam or beams of the projection are excluded from the 5 
secondary image 24 while it is read. 
[0042] The user maintains the alignment of the fiducial 
26 and projection 42 by holding the data reader 10 in a 
fixed position relative to the media 20. Since it is difficult 
to hold perfectly still, it is desirable that detector 12 be w 
able to capture the image in a relatively short time 
period, comparable with the time required for an ordi- 
nary photograph. Unless a relatively long capture time 
is required, the projection 42 can, optionally, be deactu- 
ated during capture. This may eliminate a distraction for is 
the user and can abate a risk of flare due to inadvertent 
motion of the data reader 10 during capture. 
[0043] The controller 66 receives one or more signals 
from the control interface responsive to the actuation 
states. The controller 66, in response to respective 20 
actuations, actives the components, and causes the 
digital innage detector 12 to capture an Image of the field 
of view and to send a responsive digital image to the 
controller 66. The digital image can be stored in a mem- 
ory unit (not separately illustrated) of the controller 66 or 25 
sent to an output unit 70 or both. The digitai image can 
be processed by the controller 66 prior to output or stor- 
age to retrieve encoded information. The output unit 70 
can store the processed digital data, or transmit the dig- 
ital data in some manner to a playback device, such as 30 
a sound system or visual display device, or other output 
device to output all or part of the processed digital data 
to the user, or provide some combination of these func- 
tions, on an immediate or delayed basis. (In Rgures 1 
and 3, the data output is symbolized as an arrow and 35 
series of musical notes 72.) Components to provide any 
or all of these functions are well known to those of skill 
in the art. For exannple. decodement methods and com- 
ponents are available for the secondary image schemes 
previously mentioned. The separation of digital data 40 
processing from storage, transmission, and display; is a 
matter of logical convenience in this explanation. It will 
be understood that digital data processing need not be 
limited to a single component and processing, control, 
storage, transmission, and display functions can be 45 
supplied by a variety of equipment in a variety of man- 
ners. For exanrple, digital data can be played back by a 
digital sound playt)ack system through a speaker. Other 
audio or visual or textual information can be played back 
or displayed in a similar manner. The digital data can be so 
used for control or archival purposes. Multiple uses can 
be made of the same unit of digital data. 

Claints 

55 

1 . A data-reading system for use with media bearing a 
visible primary image and a secondary image over- 
lying the primary image, the secondary image is 



transparent to visible radiation and modulates a 
band of invisible electromagnetic radiation to pro- 
vide a radiation image, the system comprising: 

a data reader including: 

a digital image detector sensitive to said 
radiation image; 

an optical system imaging on said digital 
image detector; 

a marker beam source emitting a diverg- 
ing, centerless visible light projection; and 
a body supporting said detector, said opti- 
cal system, and said marker beam source. 

2. The system of daim 1 wherein said marker beam 
source includes a light emitter emitting a light 
beam, a pattern nrmker receiving said beam from 
said light emitter and transmitting a zero order 
beam and a higher order beam, and a mask receiv- 
ing said beams from said pattern maker, said mask 
having a shield obstructing said zero order beam 
and a window F>assing said higher order beam. 

3. The system of claim 2 wherein said pattern maker 
includes a diffractive optic beam splitter. 

4. The system of claim 1 . 2, or 3 wherein said projec- 
tion further comprises a plurality of diverging 
beams. 

5. The system of daim 4 wherein said projection is 
free of zero order beams. 

6. The system of daim 1 wherein said optical system 
has a preset focal length and a preset image dis- 
tance from said digital image detector said optical 
system defines an optimum object distance from 
said optical system, said optical system and said 
detector together define an image field; and said 
projection is non-coincident with said image f iekl at 
said optimum object distance. 

7. The system of daim 1, 2, 3, 4, 5, or 6 wherein said 
optical system has an optical axis and said projec- 
tion is concentric with said optical axis at said opti- 
mum object distance and closely adjoins said 
image field at said optinum object distance. 

8. The system of claim 1, 2, 3, 4, 5, 6, or 7 wherein 
said txxjy has a handle and said data reader further 
comprises an illumination source for said band of 
invisit3le electromagnetic radiation, and a power 
supply for said detector, said marker beam source, 
and said illumination source, said power supply 
-being internal to said body. 

9. The system of daim 1 . 2, 3, 4, 5, 6. 7, 8, or 9 further 
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cxjmprising: 

media bearing: 

a visible primary image, 
a secondary image overlying said primary 
image, said secondary image being trans- 
parent to visible radiation, said secondary 
image modulating a band of invisit^e elec- 
tromagnetic radiation to provide an invisi- 
ble radiation Image, and 
visible indicia aligned with said secondary 
image, said indicia having a geometric 
shape matching said visible light projec- 
tion. 

1 0. The system of claim 9 wherein said visit^le indicia is 
offset from said secondary image. 
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